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Abstract
The importance of pacing for middle-distance performance is well recognized, yet previous research has produced equivocal
results. Twenty-six trained male cyclists ( _VO2peak 62.8+ 5.9 ml  kg71  min71; maximal aerobic power output
340+ 43 W; mean+ s) performed three cycling time-trials where the total external work (102.7+ 13.7 kJ) for each trial
was identical to the best of two 5-min habituation trials. Markers of aerobic and anaerobic metabolism were assessed in 12
participants. Power output during the first quarter of the time-trials was fixed to control external mechanical work done
(25.7+ 3.4 kJ) and induce fast-, even-, and slow-starting strategies (60, 75, and 90 s, respectively). Finishing times for the
fast-start time-trial (4:53+ 0:11 min:s) were shorter than for the even-start (5:04+ 0:11 min:s; 95% CI¼ 5 to 18 s, effect
size¼ 0.65, P5 0.001) and slow-start time-trial (5:09+ 0:11 min:s; 95% CI¼ 7 to 24 s, effect size¼ 1.00, P5 0.001).
Mean _VO2 during the fast-start trials (4.31+ 0.51 litres  min71) was 0.18+ 0.19 litres  min71 (95% CI¼ 0.07 to 0.30
litres  min71, effect size¼ 0.94, P¼ 0.003) higher than the even- and 0.18+ 0.20 litres  min71 (95% CI¼ 0.5 to 0.30
litres  min71, effect size¼ 0.86, P¼ 0.007) higher than the slow-start time-trial. Oxygen deficit was greatest during the first
quarter of the fast-start trial but was lower than the even- and slow-start trials during the second quarter of the trial. Blood
lactate and pH were similar between the three trials. In conclusion, performance during a 5-min cycling time-trial was
improved with the adoption of a fast- rather than an even- or slow-starting strategy.
Keywords: Pacing, high intensity, metabolism, aerobic, anaerobic
Introduction
It is widely understood that to optimize performance
athletes must select an appropriate distribution of
speed or ‘‘pacing strategy’’ (Abbiss & Laursen, 2008;
Foster et al., 1993; Foster, Hoyos, Earnest, & Lucia,
2005; Foster, Schrager, Snyder, & Thompson,
1994). However, pacing strategies that result in the
best possible performance across a variety of athletic
events are not well understood. For instance,
previous research has found that the adoption of
relatively high power outputs at the beginning of
simulated flat cycling time-trials improves (De
Koning, Bobbert, & Foster, 1999; Van Ingen
Schenau, De Koning, & De Groot, 1992), hinders
(Mattern, Kenefick, Kertzer, & Quinn, 2001) or has
no effect (Aisbett, Le Rossignol, & Sparrow, 2003;
Hettinga, De Koning, Broersen, Van Geffen, &
Foster, 2006) on final performance times. These
discrepancies could be because the best pos-
sible pacing strategy to employ during exercise is
dependent on several external factors, the most
important of which is the duration of the event
(Abbiss & Laursen, 2008; Atkinson, Davison,
Jeukendrup, & Passfield, 2003; Foster et al., 2004).
For instance, in events of short duration (30–60 s),
performance could benefit from an explosive ‘‘all-
out’’ starting strategy, whereby high power outputs
are produced at the start of the event (Foster et al.,
1993; Van Ingen Schenau et al., 1992). However, in
longer events (42 min), it appears that a more even
distribution of pace improves overall performance
(De Koning et al., 1999). Although several studies
have examined the best possible pacing strategies
during middle-distance events (2–6 min) (Foster
et al., 1993, 2004; De Koning et al., 1999;
Schumacher & Mueller, 2002; Van Ingen Schenau
et al., 1992; Wilberg & Pratt, 1988), the influence of
starting strategy on overall performance remains
unclear.
Recently, Hettinga and colleagues (Hettinga, De
Koning, Broersen, Van Geffen, & Foster, 2006)
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found that manipulating power output during the
first half of 4000-m cycling time-trials, so as to
induce relatively fast, slow, and even starting
strategies, did not result in differences in overall
performance times among trials. It is possible that
the lack of statistical effect observed in this study
might have been attributable to the small sample size
(n¼ 8) and accompanying lack of statistical power.
Indeed, literature on pacing during high-intensity
exercise is characterized by studies that have used
small sample sizes (n5 10) and reported no
differences among trials (Aisbett et al., 2003; Foster
et al., 1993; Sandals, Wood, Draper, & James,
2006). Alternatively, it is also possible that con-
straining participants’ intensities of exercise for the
first half of the event may not be the most effective
method to examine the effects of different pacing
strategies. Indeed, there is persuasive evidence that
small variations in an athlete’s pace in the first
quarter of running and cycling tasks lasting 4–6 min
can meaningfully influence finishing time (Bowles &
Sigerseth, 1968; De Koning et al., 1999; Van Ingen
Schenau et al., 1992). Across these studies, the
distances equating to the first quarter of the trials
were performed in the range of 20–30% of overall
finishing times. These first-quarter splits compare
favourably with those recorded during the 4000-m
individual cycling pursuit at the 1998 World Cup
(De Koning et al., 1999) and 2000 Sydney
Olympics. Unfortunately, the differences in finishing
times detected by these studies (range 0.6–3.3%)
were not analysed statistically. As shown by Hettinga
et al. (2006), differences of this magnitude might not
be detected because sample sizes (n5 10) typically
used in pacing research are too small. In addition,
simply testing the probability against the null
hypothesis using statistical significance testing, as is
typically done in pacing research, provides little
information about the practical importance and
magnitude of an effect. Effect size calculations can
provide an improved interpretation of changes in
performance indicated by variations in pacing
strategies. Therefore, the purpose of the present
study was to extend previous findings by examining
the influence of manipulating first-quarter relative
split times in the range 20–30% of total time on
performance during a middle-distance (*5 min;
102.7+ 13.7 kJ) cycling time-trial. We recruited
26 trained cyclists, with the hope that this relatively
large sample would improve the likelihood of
discriminating the effects of pacing condition.
Rudimentary markers of aerobic and anaerobic
metabolism were assessed in 12 of the 26 cyclists
in an effort to explore possible relationships (causal
or associative) between changes in performance
and metabolism in response to different starting
conditions.
Methods
Participants
Twenty-six trained male cyclists (mean+s: age
29+ 6 years, stature 1.78+ 0.07 m, body mass
74.5+ 7.5 kg) were recruited from local cycling
clubs. All participants completed the study. Cyclists
were classified as ‘‘trained’’ based on their training
background (frequency and duration), maximal
aerobic power output (250–400 W), and peak oxy-
gen consumption ( _VO2peak: 4.5–5.0 litres  min71)
(Jeukendrup, Craig, & Hawley, 2000). Before the
study, each participant provided written informed
consent and the test procedures were approved by
the institutional human research ethics committee.
Power analysis
A power analysis was used to determine the number
of cyclists required to detect statistically significant
differences in finishing time between starting condi-
tions. The sample size required was derived from the
equation n¼ 8e2/d2, where n, e, and d denote
predicted sample size, within-participant variation
(e.g. coefficient of variation), and the magnitude of
the treatment effect, respectively (Watt, Hopkins, &
Snow, 2002). Using the standard error of measure-
ment (Atkinson & Nevill, 2000) (2.4 kJ) from two
5-min habituation trials (Trial 1: 99.7+ 13.5 kJ;
Trial 2: 101.8+ 13.3 kJ), an approximate coefficient
of variation would be 2.4%. Hettinga et al. (2006)
reported differences of 0.9–1.8% (but not statistically
significant) in 4000-m cycling time-trial performance
(lasting *5.5 min) using three starting conditions.
From these data, detection of a 1.0% difference as
statistically significant would require at least 22
participants. Accordingly, 26 participants were re-
cruited in an effort to ensure sufficient participants
even following natural attrition. This number of
participants provided a large sample size through
which both statistical significance and practical
meaningfulness of effects could be assessed.
Experimental procedures
Each participant completed six test sessions at
approximately the same time of the day. The sessions
comprised an incremental cycling test to exhaustion,
two 5-min self-paced habituation trials, and three
performance time-trials during which starting strat-
egy was manipulated to induce relatively fast, slow,
and even pacing strategies (described below). Parti-
cipants were instructed to attend the laboratory as if
each session was an important race or training
session. In the 24 h before the first session, the
participants’ diet, training, and sleep patterns were
recorded. Participants were then asked to replicate
1202 B. Aisbett et al.
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these patterns as closely as possible during the
subsequent trials. Participants were asked to refrain
from consuming caffeine and alcohol in the 24 h
before each test. Consecutive trials were conducted
at least 2 days apart.
Incremental cycling test
Peak oxygen uptake ( _VO2peak) and maximum aero-
bic power output were determined during a con-
tinuous incremental cycling test to exhaustion. The
incremental cycling test was performed on an
electronically braked cycle ergometer (Lode, Excali-
bur Sport, Groningen, Netherlands), which was set
in pedal-rate-independent mode. Throughout the
incremental cycling test, expired air was analysed for
gas concentrations using oxygen and carbon dioxide
analysers (AEI Technologies, Pittsburg, PA, USA)
and for volume by a turbine ventilometer (Flow
transformer K 520, KL Engineering, Australia).
Before each test, the gas analysers were calibrated
using gases of a known concentration and the
ventilometer was calibrated using a 3-litre syringe
(Hans Rudolph, Lenexa, KS, USA). The accuracy
and validity of this metabolic cart has previously been
assessed as part of the laboratory standards assistance
scheme (52.0% relative error; Gore, Catcheside,
French, Bennett & Laforgia, 1997). The incremental
cycling protocol together with the determination of
maximum aerobic power and _VO2peak were based on
the procedures of Hawley and Noakes (1992).
However, to provide a larger data set with which to
establish a _VO2peak–power regression for each
participant, the graded exercise test began at a lower
power output (i.e. 150 W) than the 3.33 W  kg71
used by Hawley and Noakes (1992). A linear
regression was fitted to each individual’s power
output and mean oxygen consumption during the
final 30 s of each 2.5-min stage (r¼ 0.989+ 0.005;
95% CI¼ 0.987 to 0.992) using previously described
methods (Russell, Le Rossignol, & Lo, 2000). Linear
regression was then used to estimate energy demand
during the subsequent time-trials (described below).
5-min cycling time-trials
On separate days, participants completed two 5-min
habituation cycling trials on the Excalibur Sport
cycle ergometer (Lode, Excalibur Sport, Groninger,
Netherlands). A 5-min cycling test was chosen to
approximate the duration of 4000-m cycling time-
trials for trained, but not elite, athletes (Craig et al.,
1993). The objective of each 5-min habituation ride
was to complete as much external work as possible in
5 min [Trial 1: 99.7+ 13.5 kJ; Trial 2: 101.8+
13.3 kJ; standard error of measurement 2.4 kJ (95%
CI: 1.8 to 3.9 kJ)]. The participants were not given
any explicit pacing instructions before or during each
5-min cycling test, but were able to see their
accumulated work, instantaneous power output,
and elapsed time. They were not given any verbal
encouragement throughout the test.
During the habituation trials, the cycle ergometer
was set in pedal-rate-dependent mode and power
output was calculated according to previously de-
scribed methods (Aisbett et al., 2003). Briefly, power
output was calculated using the following equation:
power output Wð Þ ¼ linear factor cadence2;
where cadence refers to the revolutions per minute
and the linear factor is determined using the
following equation:
linear factor ¼ 0:9maximal aerobic powerð Þ=R2
(Aisbett & Le Rossignol, 2003), where R is the
preferred pedal rate determined from the incremen-
tal cycling test. This formula was derived from
repeated testing using this cycle ergometer.
On separate days, following the habituation trials,
participants then performed a further three 5-min
cycling time-trials during which the starting power
output was manipulated to induce a fast, even or
slow starting strategy. During these time-trials,
participants were required to complete the same
amount of work as they completed in their best 5-
min habituation ride (102.7+ 13.7kJ; range 68.2–
125.2 kJ). To induce fast, even, and slow starting
strategies, power output during the first 25% of the
time-trial was fixed, independent of pedal rate. The
first quarter of exercise in the fast-, even-, and slow-
start trials was completed in 60 s, 75 s, and 90 s, or
20%, 25%, and 30% of the anticipated finishing time
for each time-trial (5 min), respectively.
These first-quarter split times were based on the
range of pacing models simulating the 4000-m
cycling-pursuit event that typically lasts about 4.5–
5 min (Van Ingen Schenau et al., 1992). Immedi-
ately after the first quarter of exercise, the ergometer
was switched to pedal-rate-dependent mode (as
previously described) and the participants were
instructed to complete the remainder of the trial as
quickly as possible. Throughout all time-trials,
participants were provided with continuous feedback
on their accumulated external work and instanta-
neous power output but did not receive any verbal
encouragement or visual or verbal feedback on the
elapsed time at any stage during the time-trials.
Before all time-trials, the participants completed a
10-min warm-up at 100 W, followed by 2–3 min of
rest. Upon completion of the time-trials, participants
continued cycling for a further 3 min at 50 W, using
a self-selected cadence. The order in which each
Influence of pacing on high-intensity cycling 1203
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participant performed the three pacing conditions
was randomized.
Cardiovascular and metabolic variables
To assess the influence of starting strategy on
cardiovascular and metabolic variables, several phy-
siological measures were recorded before, during,
and after the time-trials in 12 of the 26 participants
(mean+ s: age 30+ 3 years, stature 1.80+ 0.07 m,
body mass 76.3+ 8.7 kg). In these participants, an
indwelling catheter was inserted into an antecubital
vein before each time-trial. Venous blood samples
were collected after the warm-up, at 25% of the time-
trial, and immediately after the time-trial. During
blood sampling, 2 ml of blood was drawn into a
heparinized syringe that was capped, mixed by
inversion, and placed in ice for 45 min before
analysis for pH and bicarbonate ion concentrations.
The pH and bicarbonate ion concentration were
determined using a blood-gas analyser (Rapidlab
865, Bayer, Tarrytown, NY). During blood sam-
pling, a further 3 ml of blood was taken into a
lithium-heparin tube, mixed with the anticoagulant,
and placed on ice until the end of the trial. After the
time-trials, the lithium-heparin tubes were centri-
fuged for 10 min and the plasma was frozen at
7208C for later analysis of plasma lactate concen-
tration. Plasma lactate concentration was determined
using an automated analyser (EML 105, Radio-
meter, Copenhagen, Denmark).
In these 12 participants, expired gases were also
analysed throughout the time-trials, using the same
automated instrument previously described (i.e.
incremental cycling test). Values for pulmonary gases
were automatically recorded as 15-s means using
customized software (Vista Turbofit, VacuMed,
Ventura, CA). From the _VO2–power regression
determined from the incremental cycling test,
estimated oxygen cost, oxygen deficit every 15 s,
and the accumulated oxygen deficit over the entire
time-trial were determined (Bickham, Le Rossignol,
Gibbons, & Russell, 2002; Gastin, Costill, Lawson,
Krzeminski, & McConell, 1995; Russell et al.,
2000). Estimated oxygen cost, actual oxygen con-
sumption, and accumulated oxygen deficit were used
to provide an indication of the anaerobic and aerobic
energy contributions over each entire time-trial
(Bishop, Bonetti, & Dawson, 2002). Heart rate was
recorded at 1-min intervals during the first 4 min
and at the end of each time-trial (n¼ 12; Polar
Electro Oy, Kempele, Finland).
Statistical analyses
Time-trial performance (n¼ 26), mean oxygen con-
sumption, accumulated oxygen deficit, and mean
heart rate (n¼ 12) over each time-trial were com-
pared using a one-way within-groups analysis of
variance (ANOVA), with starting strategy as the
independent variable. Mean power output, section
performance times (n¼ 26), mean _VO2, accumu-
lated oxygen deficit, heart rate, and blood variables
(n¼ 12) were compared using a fully repeated
measures factorial (starting strategy6 time) ANO-
VA. As appropriate, simple main effects analyses and
Scheffe´ post-hoc tests were used to locate specific
differences. Assumptions of normality (Kolmogorov-
Smirnov test), homogeneity of variance (Levene’s
test), and sphericity (Mauchly’s test) were assessed.
Where violations to assumptions of sphericity where
observed, the degrees of freedom were corrected
using Greenhouse-Geisser or Huynh-Feldt correc-
tions where appropriate. Effect size [standardized
difference or Cohen’s d (Cohen, 1988)] and 95%
confidence intervals (95% CI) were also used, where
appropriate, to evaluate differences. Thresholds for
small, moderate, and large effects were 0.20, 0.50,
and 0.80, respectively (Cohen, 1988). Pearson’s
product–moment correlations were used to identify
relationships between _VO2 and power output during
the incremental exercise test. All statistical tests were
conducted using the Statistical Package for the Social
Sciences (SPSS; v11.0). Data are reported as means
and standard deviation (s). Statistical significance
was set at P5 0.05.
Results
The participants’ _VO2peak and maximal aerobic
power were 4.67+ 0.55 litres  min71 (62.8+ 5.9
ml  kg71  min71) and 340+ 43 W (4.59+
0.55 W  kg71), respectively. These values were
similar to those measured for the subset of 12
participants who also participated in physiological
monitoring during each time-trial ( _VO2peak:
4.87+ 0.57 litres  min71 and 64.0+ 2.0 ml 
kg71  min71; maximal aerobic power: 366+ 40 W
and 4.82+ 0.47 W  kg71), respectively. By design,
the mean power output enforced during the first 25%
of fast-, even-, and slow-start time-trials differed
(Figure 1). Power outputs during the second, third,
and fourth quarters of the slow-start trial were higher
than during the even-start trial (effect size¼ 0.22,
P5 0.009) (Figure 1). Power outputs during the
second and third quarters of the slow-start trial were
higher than during these sections of the fast-start trial
(effect size¼ 0.24, P5 0.001) (Figure 1). During the
second, third, and fourth quarters of exercise, there
was no difference in power output between the fast-
and even-start time-trials (P4 0.463) (Figure 1).
Mean power output and overall performance times
during the time-trials are shown in Table I. Mean
power output during the fast-start time-trial was
1204 B. Aisbett et al.
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3.4% (95% CI¼ 2.0 to 5.4%, effect size¼ 0.91,
P5 0.001) and 5.1% (95% CI¼ 3.7 to 6.9%, effect
size¼ 1.32, P5 0.001) greater than in the even- and
slow-start time-trial, respectively (Table I). Mean
power output during the slow-start trial was also
1.8% (95% CI¼ 0.1 to 3.3%, effect size¼ 0.41,
P¼ 0.042) lower than that in the even-start trial
(Table I). Similarly, finishing times in the fast-start
time-trials were faster than in the even- (11+ 12 s;
CI¼ 5 to 18 s, effect size¼ 0.65, P5 0.001) and
slow-start time-trials (16+ 9 s; 95% CI¼ 7 to 24 s,
effect size¼ 1.00, P5 0.001) (Table I). Overall
performance time was faster in the even-start than
slow-start time-trials (4+ 8 s; 95% CI¼ 1 to 8 s,
effect size¼ 0.24, P¼ 0.027) (Table I).
Mean _VO2 during the fast-start time-trial
(4.31+ 0.51 litres  min71) was 0.18+ 0.19
litres  min71 (95% CI¼ 0.07 to 0.30 litres  min71,
effect size¼ 0.94, P¼ 0.003) higher than during the
even-start time-trial (4.12+ 0.57 litres  min71).
Mean _VO2 during the fast-start time-trial was also
0.18+ 0.20 litres  min71 (95% CI¼ 0.5 to 0.30,
effect size¼ 0.86, P¼ 0.007) higher than in the slow-
start time-trial (4.11+ 0.52 litres  min71). There
was no difference in mean _VO2 between the even-
and slow-start time-trials (P¼ 0.906). Oxygen con-
sumption from 15 to 135 s ( _VO2 in 15-s intervals
from 75 to 135 s of fast-start trial not shown) was
higher during the fast-start than the even- and slow-
start time-trials (Figure 2A). Oxygen consumption
between 15 s and 75 s in the even-start time-trial was
also higher than during this period of the slow-start
trial (Figure 2A). However, there was no difference
in the mean _VO2 across each quarter of the fast-,
even-, and slow-start time-trials (P¼ 0.528; Figure
2B). Accumulated oxygen deficit (P¼ 0.142) and
aerobic energy contribution (P¼ 0.177) did not
differ between fast- (4.10+ 1.20 litres; 83.4+
4.5%), even- (4.00+ 1.15 litres; 83.7+ 4.8%), and
slow-start (3.80+ 0.99 litres; 84.4+ 3.8%) time-
trials. The oxygen deficit relative to accumulated
oxygen deficit differed among trials during the first
quarter of the trials (effect size¼ 0.98, P5 0.001)
(Figure 3). The percentage oxygen deficits used in
the second and third quarters of the fast-start trial
were lower than in the slow-start trial (effect
size¼ 1.43, P5 0.001 and effect size¼ 0.61,
P¼ 0.049, respectively (Figure 3). The percentage
oxygen deficit used in the second quarter of the fast-
start trial was also lower than in the even-start trial
(effect size¼ 0.64, P¼ 0.005) (Figure 3).
Plasma lactate concentration, venous pH, and
venous bicarbonate ion concentration did not differ
among the three pacing conditions (Table II).
Venous pH (effect size¼ 1.75, P5 0.001) and
bicarbonate ion concentration decreased (effect
size¼ 1.05, P5 0.001), while plasma lactate
increased (effect size¼ 2.17, P5 0.001), throughout
each time-trial, irrespective of starting strategy
(Table II). Mean heart rate during the fast-start
time-trial (178+ 7 beats  min71) was 5+ 3
beats  min71 (95% CI¼ 3 to 6 beats  min71, effect
size¼ 1.6, P¼ 0.001) higher than during the even-
start time-trial (173+ 7 beats  min71). Mean heart
rate during the fast-start time-trial was also 7+ 3
beats  min71 (95% CI¼ 6 to 9 beats  min71, effect
size¼ 2.6, P5 0.001) higher than during the slow-
start time-trial (170+ 6 beats  min71). After 1 min,
heart rate in the fast-start trial (169+ 5
beats  min71) was 9+ 7 beats  min71 (95%
CI¼ 4 to 13 beats  min71, effect size¼ 1.2,
P5 0.001) higher than during the even-start time-
trial (160+ 5 beats  min71). After 1 min of the fast-
start time-trial, participants’ heart rate was 15+ 5
beats  min71 (95% CI¼ 11 to 19 beats  min71,
effect size¼ 2.1, P5 0.001) higher than in the slow-
start time-trial (154+ 6 beats  min71). Heart rate
in the fast-start time-trial was also 9+ 8
beats  min71 (95% CI¼ 6 to 13 beats  min71,
Figure 1. Mean power output for each quarter (25%) of the fast-,
even-, and slow-start 5-min time-trials (n¼26). *P5 0.05 vs.
slow-start; {P5 0.05 vs. even-start.
Table I. Mean performance time, power output, and relative
intensity during fast-, even-, and slow-start 5-min time-trials.
Slow-start Even-start Fast-start
Finishing
time (min:s)
5:09+ 0:11# 5:04+0:11* 4:53+0:11*#
(5:08 to 5:10) (5:04 to 5:04) (4.51 to 4.54)
Absolute power
output (W)
332+43{ 338+ 46* 350+45*#
(316 to 348) (320 to 356) (332 to 368)
Relative power
output
4.4+0.5#
(4.2 to 4.6)
4.5+ 0.5*
(4.3 to 4.7)
4.7+1.0*#
(4.3 to 5.1)
(W  kg71)
Relative intensity
(% of maximal
aerobic power)
98+5# 99+ 6* 103+6*#
(96 to 100) (97 to 101) (101 to 105)
Note: Values are means+ standard deviations with 95% con-
fidence intervals in parentheses (n¼ 26). *P50.05 vs. slow-start;
#P5 0.05 vs. even-start.
Influence of pacing on high-intensity cycling 1205
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
1:
33
 3
1 
Ma
y 
20
10
effect size¼ 1.4, P¼ 0.004) and 6+ 6 beats  min71
(95% CI¼ 5 to 11 beats  min71, effect size¼ 0.9,
P¼ 0.046) higher than in the slow-start trial at 120 s
(165+ 8 beats  min71) and 180 s (174+ 5
beats  min71, respectively).
Discussion
The purpose of the present study was to examine the
influence of starting strategy on performance during
a middle-distance cycling time-trial. The main
findings were that relatively high power outputs
during the first 25% of a fast-start (*5 min) cycling
time-trial resulted in improved overall performance
times and higher mean powers than even- and slow-
start starting strategies. Second, an even distribution
of pace throughout the fast-start cycling time-trial
resulted in better performance compared with a
slow-start strategy.
Using mathematical modelling, it has previously
been suggested that performance during middle-
distance cycling events (3000–4000 m; 3.5–5 min) is
optimized if athletes select relatively high power
outputs at the beginning of the trial, followed by an
even distribution of pace (Van Ingen Schenau et al.,
1992). However, while several studies have examined
the influence of various pacing strategies on perfor-
mance, no previous study has observed a meaningful
effect of starting strategy on overall performance
during cycling events that last 4–6 min. Therefore,
the present study is the first, to the authors’ knowl-
edge, to demonstrate an influence of starting strategy
on middle-distance cycling performance. The im-
provements in power output and performance times
observed in this study are probably attributable to the
high statistical power resulting from the larger
sample size (n¼ 26) than that used in previous
pacing research (n 10) (Aisbett et al., 2003; Foster
et al., 1993; Sandals et al., 2006). Furthermore, by
testing a homogeneous sample of trained athletes
(Hopkins, Schabort, & Hawley, 2001), habituating
each participant to the experimental procedures
(Abbiss, Levin, McGuigan, & Laursen, 2008;
Hopkins et al., 2001), and using individualized
pacing, the intra-participant variability in finishing
times could have been reduced. Such results there-
fore indicate that future investigations into pacing
should consider and prevent possible design-based
limitations (i.e. small sample size) to obtain sufficient
statistical power.
The improved finishing times and higher mean
power output observed in the fast-start time-trial,
compared with the even- and slow-start time-trials
(Table I), supports previous research suggesting that
fast-start pacing strategies are beneficial to perfor-
mance (Van Ingen Schenau et al., 1992). It is
believed that relatively high power outputs at the
beginning of middle-distance cycling events improve
overall performance by limiting the time spent
accelerating (i.e. at sub-maximal speeds) (Abbiss &
Laursen, 2008; De Koning et al., 1999; Van Ingen
Schenau et al., 1992). However, when determining
Figure 2. Mean oxygen consumption during the first 25% (A) and over the entire (B) fast, even-, and slow-start 5-min time-trials (n¼12).
*P5 0.05 vs. slow-start; {P5 0.05 vs. even-start.
Figure 3. Oxygen deficit relative to accumulated oxygen deficit
(AOD) during the fast-, even-, and slow-start 5-min time-trials
(n¼ 12). *P50.05 vs. slow-start; {P5 0.05 vs. even-start.
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power output, the cycle ergometer used in the
present study unfortunately does not account for
the external resistance associated with acceleration.
Therefore, the overall demands for each time-trial do
not include the energy required to accelerate the
flywheel up to race pace (Lakomy, 1986). Thus the
influence of acceleration time on overall perfor-
mance cannot be determined from the results of this
study. Despite this, the design of the current study
shows that the fast-start pacing strategy produced a
15- to 30-s advantage following the first quarter of
exercise, over even- and slow-start conditions,
respectively. With a relatively higher, but not
maximal starting power output, the fast-start proto-
col appeared to avoid the risks typically associated
with a fast-start pacing strategy. That is, the adoption
of such high initial power outputs can result in the
premature development of fatigue (Thompson,
MacLaren, Lees, & Atkinson, 2003, 2004). Indeed,
Wilberg and Pratt (1988) observed that the most
successful 4000-m pursuit cyclists adopted a fast-
start pacing strategy, whereby pace during the first
25% of the trial was higher than the remainder of the
race, whereas less successful cyclists produced near-
maximal speeds during the first 1000 m. Bowles and
Sigerseth (1968) also reported that 16 collegiate
middle-distance runners produced faster one-mile
finishing times when they used a fast-start (running
the first 440 yards 5 s faster than even-pacing) than
when they used the even- or slow-start (running the
first 440 yards 5 s slower than even-pacing) strategy.
These authors did not, however, determine whether
the 5.9-s and 9.1-s shorter mean finishing time in the
fast-slow (i.e. fast-start) trial (4 min 24.9 s) differed
from the steady-pace (4 min 30.8 s) and slow-fast
(4 min 34.0 s) finishing times, respectively. The
supremacy of the fast-slow condition for all 16
participants could strengthen the validity of such
findings in the absence of statistical analysis. This
supremacy supports previous results (Bowles &
Sigerseth, 1968) in which a fast but not maximal
starting strategy led to improved performance over
even- and slow-start pacing for running and cycling
trials that lasted approximately 4–6 min. Validating
the current results in a velodrome during a compar-
able exercise task (e.g. 4000-m time-trial) would
represent a valuable addition to the literature on
pacing during high-intensity exercise.
The optimal duration and intensity of fast-start
pacing strategies during middle-distance cycling
events is likely to be dictated by the rate and
capabilities of the anaerobic and aerobic metabolism
(Abbiss & Laursen, 2008; Foster et al., 2004; Van
Ingen Schenau et al., 1992). Despite variations in the
distribution of energetic resources over the duration of
the time-trials (Figure 3), the overall contributions of
the anaerobic and aerobic metabolism did not differ
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among the three pacing strategies used in the present
study. These results are consistent with the findings of
Foster et al. (2004), who found the overall anaerobic
energy contribution to be similar during 1000-m,
1500-m, and 3000-m cycling time-trials. Similarities
between energy-system contributions could reflect the
variability of the accumulated oxygen deficit method
(Bangsbo, 1998), as the higher intensity of the fast start
led to a higher mean _VO2 than during both the even-
and slow-start trials. The accelerated _VO2 and heart
rate responses with higher intensities (Figure 2A),
even above maximal aerobic power, are not surprising
(e.g. A˚strand & Saltin, 1961) and probably reflect
increased feed-forward command to the nervous,
cardiovascular, pulmonary, and skeletal muscle sys-
tems (Hughson, O’Leary, Betik, & Hebestreit, 2000).
It is possible that elevated _VO2 at the start of the fast-
start pacing strategy is evidence of accelerated
oxidative metabolism that resulted in better time-trial
performance (Bishop et al., 2002). However, the
higher intensities during the fast-start time-trial also
led to better performances compared with the even-
and slow-start conditions. Thus, whether the increase
in heart rate and _VO2 during the fast-start trial
facilitated improvements in performance through
enhanced _VO2 kinetics or was simply the result of
higher power outputs is unclear and requires further
investigation.
In conclusion, the main findings of this study are
that starting strategy influences overall performance
duringmiddle-distance events. In particular, relatively
high power outputs during the first 25% of a fast-start
(* 5 min) cycling time-trial improved overall perfor-
mance (finishing time and mean power) compared
with even- and slow-start strategies. Elevated oxygen
consumption during the fast-start time-trial could be
the result of enhanced oxygen kinetics that allowed
improved performance. However, the influence of
pacing strategy on _VO2 kinetics and subsequent time-
trial performance requires further examination.
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